The RNA polymerase activity of a cell-free particulate fraction of barley leaves infected with brome mosaic virus was investigated in the presence of actinomycin D and EDTA. The RNA products were fractionated according to their solubility in 2 M-LiC1. Both LiCl-soluble and LiCl-insoluble fractions of the RNA synthesized during a 2 rain. pulse of [aH]-UTP were largely resistant to RNase in high salt concentration; the radioactive RNA of the insoluble fraction had sedimentation properties expected for replicative intermediates. After a 2 rain. chase, LiC1-insoluble radioactivity was essentially RNase-sensitive in high salt, and sedimented in sucrose gradients in association with all three components of brome mosaic virus RNA, provided protective exogenous RNA was added throughout the experimental procedure. The overall results suggest that the in vitro synthesis of the RNAs found in virus particles occurs by a continuous process resulting possibly from recycling activity of the polymerase.
INTRODUCTION
Incubation of a crude RNA polymerase fraction prepared from barley leaves infected with brome mosaic virus (BrMV) together with [3H]-UTP, actinomycin D and the necessary factors for RNA synthesis, promoted the incorporation of the labelled precursor into RNA (Semal & Kummert, 1971 a) . After a short pulse of [3H]-UTP, followed by deproteinization with phenol and detergent, radioactivity was incorporated into RNA which was resistant to hydrolysis by pancreatic ribonuclease (RNase) in 2 x SSC (SSC -= o"I5 M-NaC1, o-oi5 Msodium citrate, pH 7"o). This double-stranded RNA was identified as a segment of BrMV-RNA associated with a complementary strand, as characterized by interference of BrMV-RNA (purified from virus particles) with self-re-annealing of the pulse-labelled product (Semal & Kummert, I97I b) . When the incorporation mixture was incubated under pulsechase conditions, part of the pulse-labelled RNase-resistant RNA was chased into singlestranded RNA, most of which sedimented more slowly than the small (S) component of BrMV-RNA (Semal & Kummert, I97I a) . Because endogenous nuclease activity was associated with the crude RNA polymerase fraction, the size of the single-stranded RNA was not considered significant for the characterization of the pulse-labelled product.
In further experiments, the suspected effect of endogenous nucleases was minimized by reducing the duration of the pulse-chase period; also it was found that pulse-chased singlestranded RNA of larger size was obtained when MgC12 was omitted from the extraction medium (Semal, Jacquemin & Kummert, I972) .
Fractionation of the labelled RNA product. The final ethanol precipitate from the purification procedure was resuspended in 2 x SSC and the solution was mixed with I vol. of 4 M-LiC1; the mixture was kept for T6 hr at 4 ° and then centrifuged for IO min. at ro,ooog. The LiCl-insoluble fraction was suspended in 2 x SSC and layered on top of a I2 ml., 5 to 20 ~ linear sucrose gradient in o.I M-sodium acetate, o.ooI M-MgC12 and o.oor M-CaCI~ (Bockstahler & Kaesberg, I965) containing ~ #g./ml. of polyvinyl sulphate. The material was centrifuged for 7 hr at 35,ooo rev./min, in the 6 x ~4 ml. rotor of an MSE 65 superspeed centrifuge. After the run, tubes were pierced at the base and the effluent was fractionated through a Uvicord flow-cell and the E~s 4 was recorded. In some experiments, the LiC1-soluble fraction was precipitated with 2 vol. of ethanol, resuspended in 2 x SSC, and fractionated in a sucrose density gradient as described above. The acid-insoluble radioactivity associated with aliquots of the fractions was determined before and after treatment with RNase in 2 x SSC, as described by Semal & Kummert (I971 a) .
Chemicals. Actinomycin D was a gift from Merck, Sharp and Dohme Research Laboratories, Rahway, N.J. Common chemicals and RNase-free sucrose were from Merck Co. Unlabelled nucleotides were obtained from Schwarz BioResearch Inc. ; tricyclohexylamine salt of phosphoenol pyruvic acid, pyruvate kinase and pancreatic RNase A were from Sigma Chemicals Co. PPO (2, 5-diphenyloxazol) and POPOP (p-bis-2-(5-phenyloxazolyl)-benzene) were purchased from Packard Instrument Co. Uridine-5-T-5'-triphosphate (pH]-UTP, I to 2 c/m-mole) was obtained from The Radiochemical Center, Amersham. Exogenous RNA was from Serva (8 s yeast RNA), from Mann Research Laboratories (bovine liver ribosomal RNA) or from Calbiochem Co. (wheat ribosomal RNA).
RESULTS

Kinetics of UTP incorporation by the crude RNA-polymerase fraction in the presence of exogenous RNA
The crude RNA polymerase fraction was prepared and incubated in the presence of 5 ° #g./ml. of exogenous RNA (yeast RNA or liver r-RNA). Fig. ~ and 2 show that incorporation of radioactivity into RNA was almost linear up to ~6 rain.; the early product was highly resistant to RNase in z x SSC, but the amount of RNase-resistant radioactivity levelled off after z min. 
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Effect of exogenous RNA on sedimentation properties of the pulse-chased products
The crude RNA polymerase fraction was prepared and incubated either in the presence or absence of yeast RNA. After 2 min. pulse-labelling, followed by 2 rain. chase with an excess of unlabelled UTP, the RNA was purified and treated with z M-LiC1; the LiCl-insoluble material was fractionated by centrifugation, using BrMV-RNA as internal marker. In the presence of exogenous RNA (Fig. 3) , well defined peaks of radioactivity were associated with all three peaks of BrMV-RNA. In the absence of exogenous RNA (Fig. 4) , a shoulder of radioactivity was associated with the large (L) component of BrMV-RNA, whereas the S component was increased. Radioactive RNA was essentially single-stranded in both cases, as shown by its sensitivity to RNase in 2 x SSC.
Sedimentation properties of the pulse-labelled RNA products before and after a chase
The LiCl-insoluble RNA products obtained after a 2 min. pulse of radioactive UTP, or after a 2 min. pulse followed by a 2 min. chase, were fractionated in sucrose density gradients. BrMV-RNA was centrifuged as an external marker in a companion tube. As shown in Fig. 5 , the LiCl-insoluble pulse-labelled material sedimented heterogeneously and was resistant to RNase in 2 X SSC, with some RNase-sensitive RNA associated with the faster sedimenting fractions. After the chase (Fig. 6) , radioactivity of the LiCl-insoluble fraction was associated with all three components of BrMV-RNA, and was sensitive to RNase in 2 x SNC. After pulse-labelling for 2 rain., the LiCl-soluble product was essentially RNase-resistant and (Fig. 7) ; after the chase, there was a relative decrease in the I4 s peak, with the concomitant appearance of slow-sedimenting single-stranded RNA (Fig. 8) .
Effect of formaldehyde on the sedimentation properties of the pulse-chased RNA product
The LiCl-insoluble fraction of the product of a pulse-chase experiment conducted in the presence of liver r-RNA was mixed with carrier BrMV-RNA and treated with formaldehyde as described by Boedtker (~968), to rupture the secondary structure. Treatment with formaldehyde ( Fig. Io) decreased the sedimentation velocity of BrMV-RNA, but radioactivity remained quantitatively associated to extinction. A similar decrease in sedimentation velocity was observed when the product was centrifuged in a sucrose density gradient prepared with acetate buffer containing Io -~ M-EDTA in place of MgC12 and CaCI~, and again radioactivity was associated with extinction. • --• acid-insoluble radioactivity after RNase treatment (5 #g./ml. of RNase for 3o min. at 37 ° in 2 x SSC). © --© acid-insoluble radioactivity.
Effect of exogenous
Kummert (I97I b); this RNA was dissociated by heating and was re-associated in the presence of either BrMV-RNA, or exogenous RNA. Results of Table t show that re-association was completely inhibited by low concentrations of BrMV-RNA, while the homologous exogenous RNA had no effect on re-annealing. As shown in Table z , at least 5o ~ of the pulse-labelled product was resistant to RNase before deproteinization.
Sedimentation properties of the labelled RNA product after a long period of incubation in the presence of radioactive UTP
As shown in Fig. I , the product of incubation of the crude RNA polymerase for I6 min. was largely sensitive to RNase when yeast RNA was present throughout the procedure. The LiCMnsoluble part of this product was fractionated by centrifugation in a sucrose gradient, using BrMV-RNA as an internal marker (Fig. IO) . Radioactivity was sensitive to RNase, and was mostly associated with the middle (M) and the S components of BrMV-RNA, together with a shoulder in the region of the L component. The sedimentation profile of the LiCl-soluble fraction of the I6 rain. product (Fig. I I) showed that it was made largely of slow-sedimenting RNase-sensitive RNA, together with most of the RNase-resistant RNA found in the total I6 min. product. * The RNA polymerase fraction was prepared and incubated either without addition of exogenous RNA, or in the presence of wheat r-RNA or yeast RNA.
t RNase treatment was performed by incubating the final RNA products with RNase (5/zg.[ml.) for 3o rain. at 37 ° in z x SSC.
§ The RNA polymerase fraction was incubated for z min. with [3HI-UTP. The double-stranded pulselabelled RNA product was prepared, heated and reassociated in the presence of various RNAs, and acid precipitable radioactivity was measured as described by Semal & Kummert, 197I b. :~ BrMV-RNA was prepared as described by Semal & Kummert, I971 b. The particulate fraction (Semal, I97o) was isolated after a 2 min. pulse of [3H]-UTP and was incubated with 50/zg.[ml. of RNase. RNA was then isolated and acid-insoluble radioactivity was expressed as counts• min. for two independent samples.
DISCUSSION
In our previous work (Semal & Kummert, ~97I a, b ) the double-stranded pulse-labelled RNA synthesized by a crude RNA polymerase fraction prepared from leaves infected with BrMV was shown by hybridization to have nucleotide sequences in common with the RNAs extracted from BrMV partMes. However, no clear labelling of single-stranded RNA of the size of the two larger (large = L and middle = M) components of BrMV-RNA were chased from this double-stranded pulse-labelled RNA precursor. In fact, the presence of endogenous nuclease activity in the crude RNA polymerase preparations precluded the identification of singIe-stranded RNA products on the basis of size.
Our present results (Fig. 4) indicate that avoiding MgCI2 in the medium used for grinding the leaves, and using short periods of pulse-and-chase, resulted in a definite labelling of the M and S components of BrMV-RNA, together with the association of some radioactivity with the L component. It is possible that when extraction is performed with the modified medium (containing Io -3 M-EDTA and no MgC12), the replicative complex is partially deproteinized and the nuclease activity is lowered accordingly. It may be also that treatment with EDTA has a more specific effect, such as dissociation of ribosomes from the replicative complex (Kolakofski & Weissmann, I97x) .
Addition of exogenous RNAs during preparation and incubation of the crude RNA polymerase fraction resulted in the labelling of all three BrMV-RNAs, including component L which is probably a mixture of acrylamide RNA species I and 2 (Lane & Kaesberg, I97r); we do not presently know, however, whether both RNA species were labelled. As expected from size, the L component was more sensitive in our hands to various agents (including traces of RNase) than the M and S components. Thus it is possible that the L component was also synthesized in the absence of exogenous RNA, but was rapidly degraded to slower-sedimenting material.
The addition of protective exogenous RNA during incorporation of RNA precursor by a crude RNA polymerase preparation raises the question of the possible role of exogenous RNA as a template for RNA synthesis by endogenous polymerases. Our experiments on self-re-annealing of the pulse-labelled double-stranded RNA product, which is the precursor of the single-stranded RNA, indicate that the early product made in the presence of exogenous RNA is entirely virus-specific. The fact that liver ribosomal RNA and 8 s yeast RNA have identical effects on the size of the single-stranded product, also points to the protective function of exogenous RNA.
